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To the Editor We commend the authors of “Cardiorespiratory fitness and future risk of 
venous thromboembolism” for their efforts in investigating this important topic. In this elegant 
analysis, Evensen and colleagues using the Tromsø population-based prospective cohort 
study, assessed the association between estimated cardiorespiratory respiratory fitness 
(eCRF) and the risk of incident venous thromboembolism (VTE).[1] A higher eCRF was 
shown to be associated with reduced total VTE, provoked and unprovoked VTE, pulmonary 
embolism, as well as deep vein thrombosis. The observed association between eCRF and 
VTE risk was also independent of body weight status. 
 
The independent and inverse association between CRF, an index for habitual physical 
activity, and the risk of arterial thrombotic disease (cardiovascular disease, CVD) is very well 
established.[2, 3] Though emerging evidence suggests that regular physical activity is 
associated with reduced risk of VTE,[4] with the possibility that high CRF levels may reduce 
the risk of VTE; data on the nature and magnitude of the relationship between CRF and VTE 
was non-existent until recently. With the publication of this recent study by Evensen and 
colleagues,[1]  this brings to a total of three studies that have now investigated the 
association between CRF and VTE risk (Table).[1, 5, 6] In the first-ever study to investigate 
the association between CRF and VTE risk, Zoller and colleagues employed maximal 
aerobic workload in Watts (Wmax) using a cycle ergonometric test, as a measure of CRF 
(named cardiovascular fitness in their study) in a cohort of 773,925 males comprising of 
3,005 VTE events.[5] In this study, whereas Wmax was not associated with VTE risk when 
adjusted for body mass index (BMI), weight-adjusted Wmax (Wmax/kg) was associated with 
reduced risk for VTE. In a recent study published by our group,[6] we found no strong 
evidence of an association between CRF and the risk of VTE in 2,249 middle-aged Finnish 
men who were part of the Kuopio Ischemic Heart Disease (KIHD) prospective cohort study. 
In the current study by Evensen and colleagues,[1] eCRF was associated with a reduced 
risk of VTE and this was independent of age (as timescale), sex, smoking, education, and 
histories of CVD or cancer. Several reasons may account for the discrepant findings in these 
 
 
three studies and these may include factors related to study designs and populations. 
Though the event rate was low in the Tromsø and KIHD studies,[1, 6] both studies were 
adequately powered to evaluate the associations. The average follow-up duration for the 
current study was relatively short[1] compared to the two previous studies which spanned 
over more than two decades.[5, 6] Inability to fully examine the impact of adjustment for 
potential confounding is another potential explanation. Zoller and colleagues only adjusted 
for BMI and familial factors and could not account for several potential confounders, which 
they duly acknowledged as a limitation of their analysis.[5] In the current study by Evensen 
and colleagues,[1] several relevant confounders such as lipids, alcohol consumption, and 
inflammatory markers (eg, C-reactive protein) were not accounted for. Though all three 
studies were based in closely related Scandinavian countries, these countries differ 
considerably in demographic history;[7] hence, the differences in characteristics such as 
age, sex, as well as genetic background may also account for the inconsistent findings. The 
study by Zoller and colleagues was based on participants who were aged 18-20 years at 
study entry,[5] whereas the average age for participants in the other studies was in the 
50s.[1, 6] However, the Tromsø Study included both younger and older participants (age 
range of 30-87 years).[1] Unlike the two previous studies which included only men,[5, 6] the 
Tromsø Study included both men and women, but did not report estimates separately for 
both genders which could be attributed to the low event rate in the study sample. Another 
important factor which could account for the differential findings is the assessment of CRF. 
Our previous study[6] used the gold standard measure of CRF, which is cardiopulmonary 
exercise testing (CPX) with maximal oxygen uptake (VO2max) measured by ventilatory 
expired gas analysis[8] and demonstrated no evidence of a significant association. On the 
other hand, the previous and current studies used surrogate measures of CRF and showed 
evidence of associations.[1, 5] Evensen and colleagues[1] employed a nonexercise 
algorithm for CRF, which was based on age, waist circumference, resting heart rate and 
physical activity index. There are several nonexercise-based algorthims available and they 
can conveniently estimate CRF in a rapid and inexpensive way especially for large 
 
 
population settings.[9] Though surrogate measures of CRF correlate strongly with the gold 
standard measure VO2max,[10] a major limitation of these nonexercise-based equations is 
that they tend to underestimate and overestimate CRF at the top and bottom ends of the 
distribution, respectively.[9] Though the use of CPX for estimating CRF involves higher 
levels of proficiency, time constraints, as well as equipment and costs and can be a 
challenge when employed for large-scale populations, the additional information provided by 
this method allows for the most accurate and standardized quantification of CRF and hence 
its use is justified.[9] Nonexercise algorithms do provide reasonable accurate estimates of 
CRF in large populations, but they cannot replace objective assessments of CRF. Indeed, 
the study by Evensen and colleagues is among the first to present data on the association 
between eCRF and VTE risk and adds to the existing limited evidence; however, given some 
of the limitations which were not acknowledged by the authors, the current findings need to 
be interpreted with caution. The authors suggest the potential of future studies to evaluate a 
causal association between CRF and VTE. The observational evidence is not robust enough 
to attempt a causal investigation yet. Further large-scale observational studies with objective 
measures of CRF and adjustment for a comprehensive panel of relevant confounders are 
needed to replicate the current findings. Nevertheless, we applaud the efforts of the authors 
in putting together this fine study and for providing more evidence on the beneficial effects of 
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1972-1990 18-20 (18) 100.0 23-28 Maximal aerobic workload in Watts 





KIHD Finland Population 
register 
1984-1989 42-61 (53) 100.0 25.2 Maximal oxygen uptake estimated 
using a respiratory gas exchange 
analyzer during cycle ergometer 
exercise tests 
144 2,249 
Evensen, 2019 Tromsø Study Norway Population 
register 
2007-2008 30-87 (56) 46.9 8.5 Nonexercise-based algorithm 176 10,393 
 
CRF, cardiorespiratory fitness; KIHD, Kuopio Ischemic Heart Disease 
 
